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Abstract. Whiteflies (family Aleyrodidae) possess heritable eubacterial endosymbionts sustained 
in specialized organ-like structures called mycetomes. Comparisons of distances between the 
ash whitefly, Siphoninus phillyreae, and two biotypes ( "A"  and "B" )  of the sweetpotato 
whitefly, Bemisia tabaci, based on sequence analysis of genes for 18S rRNAs (rDNAs), were 
equivalent to the distances represented by the 16S rDNAs of their respective endosymbionts. 
This finding indicates that evolutionary divergence in whitefly hosts and their endosymbionts is 
congruent. The nucleotide sequences of the 18S rDNAs and endosymbiont 16S rDNAs indicate 
the two biotypes of B. tabaci are the same species. 

The whiteflies (family Aleyrodidae) are a taxonomi- 
cally distinct group of plant sap-feeding insects 
placed in the homopteran suborder Sternorryncha, 
which includes the aphids, mealybugs, and scales 
[12]. Whitefly biology is comparable to that of aphids 
and mealybugs. However, whiteflies are considered 
to be essentially tropical, whereas aphids and mealy- 
bugs are common to temperate climates [5, 10]. 

Like aphids and mealybugs, whiteflies maintain 
an obligate relationship with symbiotic eubacteria 
(endosymbionts) that are harbored in specially 
adapted polyploid cells termed mycetocytes [4, 19]. 
Recently, molecular phylogenetic analysis of eu- 
bacterial 16S rRNA genes (16S rDNA) revealed that 
the primary endosymbionts of whiteflies evolved 
from a lineage distinct from those of the endosymbi- 
onts of aphids and mealybugs [7]. The primary endo- 
symbionts of whiteflies form a distinct clade outside 
the y-3 subdivision of the Proteobacteria. In con- 
trast, the endosymbionts of aphids and mealybugs 
form monophyletic clades within the y-3 subdivision 
[14] and/3 subdivision [15], respectively. 

A few species of whiteflies have become signifi- 
cant agricultural pests in the United States. Record 
crop losses in 1981 in California and Arizona were 
caused by a biotype (designated " A "  or "cotton") 
of the sweetpotato whitefly, Bemisia tabaci, which 
transmitted a number of phytopathogenic viruses 
[9]. Recently, a more polyphagous and phytotoxic 

biotype (designated " B "  or "poinsettia") of B. ta- 
baci has spread from Florida across the Southern 
United States to California, resulting in severe losses 
of both agricultural and ornamental crops [3, 8, 16]. 
The ash whitefly, Siphoninus phillyreae, was a major 
pest of both horticultural and agricultural crops ih 
the late 1980s and early 1990s throughout California. 
It has recently been brought under control by a com- 
mendable pest management program that relied 
mostly on parasitic wasps and predaceous beetles 
[2]. 

In a previous study, distinct differences were 
found between the nucleotide sequences of 16S 
rDNAs of the endosymbiont of B. tabaci and S. 
phillyreae, whereas the 16S rDNAs of the A and B 
biotypes of B. tabaci were indistinguishable [7]. In 
the present study, a fragment of approximately 1050 
base pairs (bp) of the back portion of the 18S rRNA 
gene of each of these whiteflies was cloned and se- 
quenced. The results show that the distances be- 
tween the 18S rDNAs of the whitefly hosts are equiv- 
alent to previously published [7] distances between 
the 16S rDNAs of their respective endosymbionts. 

Materials and Methods 

The A and B biotypes ofB. tabaci were provided by J.E. Duffus 
(USDA-ARS, Salinas, California) and L.S. Osborne (University 
of Florida, Apopka, Florida). Ash whiteflies were collected from 
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Sp GATACCGCCC TAGTTCTAAC CGTAAACTAT GCCAGCTAGC GATCCGCCGA CGATCCCTCC GTTATGGCTC GGCGGGCCGC TTCCGGGAAA CCAAAGCTAA 

Bt A .................................................................................................... 

Bt B .................................................................................................... 

Sp CGGGTTCCGG GGGAAGTATG GTTGCAAAAC TGGAACTTAA AGGAATTGAC GGAAGGGCAC CACCAGGAGT GGAGCCTGCG GCTTAATTTG ACTCAACACG 

Bt A .................................................................................................... 

Bt B .................................................................................................... 

Sp GGAAACCTCA CCAGGCCCGG ACACCGGAAG ATTGACAGAT TGAGAGTTCT TTCTCGATTC GGTGGGTGGT GGTGCATGGC CGTTCTTAGC TGGTGGAGTG 

.... T Bt A ............................................................................................... 

Bt B ......................................................................................... T .......... 

Sp ATTTGTCTTG GTTAATTCCG ATAACGAACG AGACCCCGT CCTGCTAGTT AGGCGATCCG GGCGCCTCAC GCTCCCGGGC GGTTGTCCGT TCGCGGGCGG 

.C ..... TG ...... CG..T ........... C. 
Bt A ........ - ......................................................... 
Bt B ........ - ............................. C ............................ C ..... TG ...... CG..T ........... C. 

Sp CCGTCCCTGG ACGGGGGGCT TTAAGCCC-G GACCCGGTAT CGTGATCCGT ACTCCGTCCG CTTTCCTTCG GGTTGGCGAG ACCCGTCGGG GCGGCTGGTT 

Bt A T...T...C .... T .... .. C ....... G .................... C ..C ........ -~-.TC .... ---. .................... C.--. 

Bt B T...T ........ T ...... C ....... G .................... C ..C ........ ---.TC .... ---. .................... C.--. 

Sp CCGCGGTTCG CGCCGTGTG- GATCAGTTGT TTACCGGCGG GAGCAGTGAG TCGGAGGGCC CGGTCCTCTC GGGGGCCGGA CACGCTCGCT ACCGGCGGGA 

Bt A G.- ............. T..T CGG.G..C .................... G ................................................. A. 

Bt B G.- ............. T..T CGG.G..C .................... G ................................................. A, 

Sp CTTTATTCAG CTTCTTAGAG GGACAAACGG CGCAGTCAGC CGTGCCGATA CGGAGCGATA CAGGTCTGTG ATGCCCTTAG ATGTCCTGGG CGGCACGCGT 

Bt A T .... C .............................................................................................. 

Bt B T .... C .............................................................................................. 

Sp GCTACAATGA CGATCAGCGT GTTCTACC-T ACGTCGAGAG ACATCGGTAA CCCCCTGAAT CCCGTCCGTG AAGGACCGG- GCTTGCAATT GTTCCCCGCG 

Bt A ............................ C .............. C ................................... A .................... 

Bt B ............................ C .............. C ................................... A .................... 

Sp AACGAGGAAT TCCCAGTAGT CGCGAGTCAT AACCTCGCGG CGATTAAGTC CCTGCCCTTT GTACACACCG CCCGTCGCTA CTACCGATCG AGCGGTTCGG 

Bt A .................................................................................................... 

Bt B .................................................................................................... 

Sp CGAGGACCTC CTACCGGCTC GCCGGCGACC CGCTTCGTGC GGGGCCGCCG GTGCAGCGTG CGGTTTTGTG CCGCGGAAAG TCGACCGAGC CCGATCGTTT 

Bt A ............. - .............. T ............. . .............. A .......................................... 

Bt B ............. - .............. T ............................ A .......................................... 

Sp AGAGGAAGTA AAAGTCGTAA CAAGGTTTCC GTAGGTGAAC CTGCGGAAGG 

Bt A .................................................. 

Bt B .................................................. 

Fig. 1. Aligned nucleotide sequences of the back fragment (approx. 1050 bp) of the 18S rRNA genes of Siphoninus phillyreae (Sp) and 
the "A" (Bt A) and "B" (Bt B) biotypes ofBemisia tabaci. Only mismatches between Sp and Bt A and B are shown for Bt A and B 
(* indicates mismatch between Bt A and Bt B). 

citrus and apple trees in Concord, California. DNA was purified 
from the whiteflies according to methods outlined previously [7]. 

A back portion of the 18S rDNA of each whitefly was ampli- 
fied by the polymerase chain reaction (PCR) [17] according to 
methods previously described [6]. The following PCR primers 
were used: forward 5'-GAT ACC GCC CTA GTT CTA ACC-Y, 
and reverse 5'-TCC TTC CGC AGG TTC ACC-3' [equivalent to 

positions 1067-1087 and 1927-1944, respectively, of the 18S 
rRNA gene of the mosquito Aedes albopictus (1)]. Cloning and 
sequencing (both strands) of the amplified 18S rDNA were per- 
formed as previously described [6]. Nucleotide sequences of the 
18S rDNA fragments of these whitefly taxa were aligned by use 
of the GeneWorks | ver 2.1 (Intelligenetics, Mountainview, Cali- 
fornia) computer program for the Macintosh. 
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Results and Discussion 

PCR amplification, cloning, and sequencing. PCR 
amplification with the above primers of 18S rDNAs 
yielded a singular band of  1039 bp for each biotype 
of B. tabaci and 1047 bp for S. phillyreae. These 
back fragments of  the whitefly 18S rDNA were ap- 
proximately 30 bp smaller than the predicted corre- 
sponding fragment of the pea aphid, Acyrthosiphon 
pisum, the only other published sequence of  a ho- 
mopteran 18S rDNA [13]. The whitefly 18S rDNA 
fragments were, however,  significantly larger than 
the corresponding fragments predicted from the 18S 
rDNAs of the following nonhomopteran insects: 
Drosophila melanogaster [903 bp (18)], Aedes al- 
bopictus [877 bp (1)] and Tenebrio molitor [851 bp 
(11)]. The aligned sequences of the back fragments 
of  the whitefly 18S rDNAs are presented in Fig. I 
and are deposited with EMBL,  accession numbers 
Z15051-Z15053. 

ment with earlier findings which showed that the 
phylogenetic relationship of aphid endosymbionts  
was congruent with the classical systematic place- 
ment of their hosts [14]. 

(3) The identical sequences of  host 18S rDNAs  
and their respective endosymbiont  16S rDNAs  is 
consistent with the biotypes of  B. tabaci being the 
same species. 
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Comparisons between host 18S and endosymbiont 
16S rDNAs.  Only two base differences were found 
in a comparison of  the nucleotide sequences of the 
1039 bp fragments of  the 18S rDNAs of the A and B 
biotypes of B. tabaci. An identical number of bases 
differed between the 16S rDNAs (1551 bp) of the 
primary endosymbionts  of these two strains [7]. The 
two base differences in both cases are probably PCR 
anomalies. The 18S rDNA fragments of both bio- 
types ofB.  tabaci differed from that of S. phillyreae 
by 46 bases for a calculated percentage distance of 
4.43. The 16S rDNAs of the primary endosymbionts 
of B. tabaci and S. phillyreae differed by 70 bases 
for a calculated percentage distance of  4.51 [7]. 
Thus, the distances between each of the taxa re- 
vealed by examination of the back fragment of their 
18S rDNAs were essentially identical with those 
demonstrated by the 16S rDNAs of their primary 
endosymbionts.  

Conclusions 

(I) Host  and endosymbiont  rDNAs reveal similar 
characteristics with regard to the evolutionary rela- 
tionship between the whitefly taxa examined in this 
study. This finding suggests that the molecular evo- 
lution of  both genes is synchronous.  

(2) This synchronization implies that endosym- 
biont 16S rDNAs can be reliable indicators of phylo- 
genetic relationships between their host insects 
within the Homoptera.  This conclusion is in agree- 
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